Pooled data from the 12-month extension phases of two Phase III trials demonstrate combined oxycodone/ naloxone prolonged-release tablets (OXN PR) are an effective long-term therapy for patients with chronic noncancer pain, and can address symptoms of opioid-induced constipation. Comparable pain control but with improved bowel function was observed with OXN PR vs oxycodone PR and was maintained during the open-label, long-term treatment. No new safety issues were observed which were attributable to the long-term administration of OXN PR.
INTRODUCTION
Chronic pain affects approximately 20% of the population worldwide, [1] [2] [3] [4] [5] and is highly debilitating, typically resulting in depression, anxiety, and loss of independence. 6 Opioids are effective treatments for moderate-to-severe chronic cancer pain and noncancer pain. 7, 8 However, their use can be complicated by side effects including opioid-induced bowel dysfunction (OIBD). A key symptom of OIBD is opioidinduced constipation (OIC), which can severely impact patients' quality of life to the point where treatment compliance and subsequent pain relief are compromised. [9] [10] [11] [12] Laxatives are frequently used to address the symptoms of OIC. Most laxatives aid defecation by stimulating colonic motility and/or softening stools. 13 Laxatives can be effective in some circumstances, including for constipation arising from delayed colonic transit. 13 However, OIC has a unique etiology, arising from interaction between opioids and l-opioid receptors present throughout the entire gut. 14 Stimulation of peripheral l-opioid receptors affects numerous gastrointestinal functions, including neural activity, motility, secretion, resorption of fluid, and blood flow. 14, 15 Consequently, opioids delay gastric emptying and prolong transit time throughout the small and large intestines. [14] [15] [16] [17] [18] As opioids affect the entire gastrointestinal tract, it is unsurprising that laxatives, which predominantly act on the colon, frequently do not address the symptoms of OIC. 18 Indeed, many patients report that despite taking laxatives they miss or decrease doses of opioids to make it easier to have a bowel movement. 10 No single laxative is considered optimal for OIC. 19 Furthermore, laxatives are associated with side effects including bloating, gas, and gastroesophageal reflux. 18 Therefore, aggressive laxative regimens may be associated with tolerability issues. Oxycodone (Oxy) is a semi-synthetic, opioid analgesic demonstrated to be efficacious for cancer-related pain, postoperative pain, osteoarthritis-related pain, and neuropathic non-malignant pain syndromes. 20 To address OIC symptoms, which are associated with all opioid agonists, a novel analgesic was developed combining Oxy with naloxone, an opioid-receptor antagonist. 21 When administered orally, naloxone has ≤2% systemic bioavailability due to extensive first-pass hepatic metabolism. 22 Consequently, oral naloxone acts on opioid receptors in the gastrointestinal tract, where it has greater affinity than Oxy. 21 Combined oxycodone/naloxone prolonged-release tablets (OXN PR) provide effective analgesia for patients with moderate-to-severe chronic pain in studies of 12 weeks' duration. Meaningful improvements were also observed in the symptoms of OIC. [23] [24] [25] [26] Given the nature of chronic pain, effective management often necessitates prolonged therapy. Consequently, the long-term effects of treatments must be established. Here, we present a pooled analysis of efficacy and safety data based on data from two 52-week extension phases which followed completion of two double-blind, randomized studies. These studies were conducted in patients with moderate-to-severe non-cancer pain and OIC between January 2006 and July 2007 to compare the efficacy and safety of OXN PR vs Oxy PR. [23] [24] [25] The aim of this pooled analysis was to investigate whether the analgesia, safety profile, and improvements in bowel function and quality of life associated with OXN PR are maintained long term in a large number of patients. 23, 24 Details of the designs of the two Phase III, double-blind studies have been reported. [23] [24] [25] Patients were male or female, aged ≥18 years, with a documented history of moderate-to-severe non-cancer pain that required round-the-clock opioid therapy. All patients suffered from OIC on entry to the double-blind studies, defined as <3 complete spontaneous bowel movements in the prior 7 days. Patients were randomized to OXN PR (n = 162) or Oxy PR (n = 160) at doses equivalent to 20-50 mg/ day of Oxy (OXN3001), or to OXN PR (n = 130) or Oxy PR (n = 135) at doses equivalent to 60-120 mg/day Oxy (OXN3006). Oral bisacodyl (10 mg/day) was permitted 72 h after a bowel movement, but could be taken sooner if patients exhibited discomfort. Patients completing the 12-week double-blind treatment could participate in the 52-week extension phase if they were considered likely to benefit from opioid therapy during this period (Fig. 1 ).
MATERIALS AND METHODS

Study design
All patients received open-label OXN PR during the extension phase but were unaware of the treatment group they had been assigned to during the double-blind phase of the study. The starting dose of OXN PR was the effective analgesic dose of Oxy or OXN that the patient received at the end of the double-blind phase. Dose titration was permitted to a maximum of 80 mg/day (OXN3001S) or 120 mg/day (OXN3006S) at the discretion of the investigator.
Use of concomitant medication including laxatives and analgesic rescue therapy was recorded in patient diaries. Oxy immediate-release (IR) and bisacodyl were provided for the first 7 days of the extension phase; thereafter analgesic rescue medications and laxatives were prescribed according to standard protocols of the investigational sites.
There were seven mandated office visits: Visit 9 at Day 1 of study treatment in the extension phases, which was likely to be the same day as Visit 8, the end of double-blind assessment; Visit 10 at 7 AE 3 days, Visit 11 at 30 AE 7 days, Visit 12 at 90 AE 7 days, Visit 13 at 180 AE 7 days, Visit 14 at 270 AE 7 days, and Visit 15 at 360 AE 7 days after Visit 8.
The studies in this pooled analysis were conducted in accordance with the Declaration of Helsinki, International Conference on Harmonization Guidelines for Good Clinical Practice, and the European Union Clinical Trials Directive. The procedures were approved by local ethics committees, and all patients gave informed, written consent prior to enrollment. [27] [28] [29] Outcomes and assessments Bowel function was assessed using the validated Bowel Function Index (BFI a ). BFI score comprised the arithmetic mean score of three distinct items (0-100 scale): ease of defecation, feeling of incomplete bowel evacuation, and personal judgment of constipation. A change in BFI score of ≥12 points is considered to be clinically meaningful 30 and BFI score of 0-28.8 is the reference range for non-constipated patients with chronic pain. 31 Analgesic efficacy was assessed using 'Average pain over the last 24 h' using a numeric analog scale (NAS; 0-10, single question). Frequency of analgesic rescue medication (Oxy IR) and laxative use (bisacodyl) was documented (intake of laxatives and opioid analgesic medications was recorded as concomitant medication after the first 7 days of the extension phases).
Quality of life was assessed at the end of the extension phases only, to ascertain patients' assessment of overall treatment, using the general questionnaire 'Treatment Satisfaction Questionnaire for Medication (TSQM)' which comprised 14 items. Subscale scores were calculated for effectiveness, side effects, convenience, and global satisfaction (0-100 for each score).
Safety was monitored via the documentation of adverse events (classified by system organ class and Medical Dictionary for Regulatory Activities [MedDRA] preferred terms) and serious adverse events (SAEs); monitoring of vital signs, hematology, blood chemistry, and electrocardiograms (ECG); and Subjective Opiate Withdrawal Scale (SOWS) scores (excluding the item number 16 'I feel like shooting up today', which is intended for opiate abusers and therefore did not apply to the target population of these studies 32 ).
Statistical methods
Given the prospectively planned, similar designs of the extension phases, pooled analyses of data were considered appropriate to provide further insight into the long-term efficacy and safety of OXN PR in a large number of patients. The extension-phase population comprised all patients who had received at least one dose of OXN PR in the extension phases and had at least one safety assessment. Data on safety, bowel function, pain, and use of rescue analgesic medication, and laxatives were collected at each study visit in the extension phases (Days 1, 7 AE 3 days, 30, 90, and 180 [end of study] AE 7 days). Modified SOWS scores were collected on Day 7 and at the end of the study.
Oxy IR and bisacodyl intake during Week 1 of the extension phases is described using summary statistics. Concomitant intake of analgesic therapy and laxatives during the subsequent weeks is presented for patients with available descriptions of doses and frequencies. Summary statistics (n, mean and standard deviation [SD]) are described for continuous variables. BFI scores are presented using the last observation carried forward (LOCF) method. A change in BFI score of ≥12 points was considered to be clinically meaningful. 30 
RESULTS
Of the 859 patients who were enrolled in the two double-blind studies, 587 were randomized to treatment; 581 patients received ≥1 dose of study medication, and 499 patients completed the studies. 24 The pooled analysis population comprised the 474 patients who received open label OXN PR; 399 of these patients completed the extension phase (Fig. 2) . The mean age of the analysis population was 57.3 years and most patients were female ( Table 1) . The overall mean (SD) daily dose of OXN PR was 57.4 mg (26.86). The median exposure was 360 days, indicating that at least 50% of the patients received exactly 12 months of treatment, per the study protocols.
Bowel function
Similar BFI scores (approximately 62) were observed during the Screening and Run-in phases for patients subsequently randomized to double-blind treatment with Oxy PR or OXN PR (Fig. 3) . Statistically significant improvements in bowel function were observed with OXN PR compared with Oxy PR from Week 1 of treatment and mean BFI scores were approximately 15 points lower at Week 12 (p < 0.0001). 24 Improvement in bowel function, indicated by a decrease in BFI scores, throughout the extension phases was particularly marked in patients who switched from receiving Oxy PR in the double-blind studies, to OXN PR at the start of the extension phases (Fig. 3) . At the start of the extension phases (Visit 9), patients who were taking Oxy PR in the double-blind studies and who had only just switched to OXN PR, had a mean (SD) BFI score of 44.3 (28.13) while patients who had received OXN PR during the double-blind studies had a lower mean (SD) BFI score of 29.8 (26.36). After only 1 week of extension-phase treatment (Visit 10), the BFI score of patients originally receiving Oxy PR had dropped to a mean (SD) of 26.5 (24.40), which was similar to the scores reported in patients who had also been taking OXN PR in the double-blind studies (mean [SD] 27.5 [25.60] ). From Visit 10 onwards, the scores dropped at similar rates in both groups, culminating at Month 12 of the extension phases (Visit 15) with mean (SD) BFI scores of 23.5 (24.86) in patients who had originally received Oxy PR and 20.2 (22.84) in individuals who had originally received OXN PR in the double-blind trials (Fig. 3) .
During the first 7 days of the extension phases, 30 subjects (6.3%) received laxatives on a regular basis. After the first 7 days, 45 subjects (9.5%) were given laxatives on a regular basis (Fig. 3) .
Analgesic efficacy
Mean 'average pain over the last 24 h' scores of the analysis population were very similar at each visit during the extension phases and when patients were subgrouped according to the treatment they received during the double-blind phases (Table 2 ). This indicates that stable pain control was maintained with OXN PR throughout the 12-month treatment period. Analgesic rescue medication was provided for the first week of the extension phases, after which, rescue medication use was recorded as concomitant medication. During the first week, 68.5% of the total subject days were recorded as days where no analgesic rescue intake was required. Mean daily (SD) use of Oxy IR during the first week of the extension phases was low at 4.47 mg (7.97) as was the use of Oxy IR during the last week of the double-blind trials (3.42 mg [6.64] ). Concomitant medication records show that opioid analgesics were used by 34% of subjects and other analgesics/antipyretics were used by 27.4% of subjects, at the discretion of the investigator. The concomitant opioid analgesics used were largely IR products at low doses, for example, co-codamol, tramadol, and Oxy IR, and were used in accordance with guidelines for pain management. Due to the prolonged-release formulation, OXN PR is not intended for the treatment of breakthrough pain. Figure 3 Mean Bowel Function Index scores (LOCF) and laxative use throughout 15 months of treatment. LOCF, last observation carried forward. 587 patients were randomized to treatment in the double-blind phase, 581 patients received ≥1 dose of study medication and were included in the full analysis population. Laxative use was captured differently during the study: a Screening and double-blind phases: patients who required laxatives (patients provided with bisacodyl by the study investigator, according to the study protocol).
b Extension phases: patients who used laxatives regularly (according to specific dosing and treatment instructions provided by the investigator). 
Quality of Life
TSQM scores (possible score: 0-100) at the end of the extension phases were relatively high, indicating that subjects were satisfied with the study medication they were receiving following the 52-week treatment duration. Mean (SD) TSQM subscale scores were: 'effectiveness' 68.6 (20.17); 'side-effects' 86.3 (24.62); 'convenience' 84.9 (14.90); and 'global satisfaction' 73.5 (21.60). Data were available from at least 451 patients for each TSQM subscale.
Safety
Adverse events (all causality, any grade) were experienced by 370 patients (78.1%). The most common adverse events were musculoskeletal or connective tissue disorders (n = 174, 36.7%). This was anticipated as musculoskeletal and connective tissue disorders accounted for 86% of the underlying pain conditions which led to patients being included in the studies. 24 In total, 218 patients (46.0%) experienced treatment-related adverse events (defined as 'unlikely', 'possibly', 'probably', or 'definitely' related to study treatment; Table 3 ). Of the 59 patients who experienced constipation (12.4%), 39 (8.2%) experienced constipation that was classed as possibly, probably, or definitely related to study drug. In seven patients (1.5%), constipation was considered unlikely to be related to study medication. Diarrhea was considered possibly, probably, or definitely related to study drug in only 13 patients (2.7%), and was considered unlikely related to study medication in five patients (1.1%).
Twenty subjects (4.2%) experienced SAEs which the investigator suspected had a causal relationship with study drug. The Sponsor considered additional SAEs in two subjects to have a positive causality to study drug (gastrointestinal disorder: possibly related; fall with femoral neck fracture: unlikely to be related).
Most adverse events resulting in treatment discontinuation, dose interruptions or dose reductions occurred only once during the extension phases. Such adverse events occurring in 3 or more subjects included seven incidences of hyperhidrosis, five incidences of diarrhea, four incidences of nausea and three incidences of fatigue. There were two deaths during the extension phases, one due to sepsis and one due to necrotizing fasciitis; neither was considered related to study treatment. In addition, one patient with a malignant tumor of the abdomen and metastases died from pulmonary embolism more than 1 month after study medication had been discontinued; the investigator considered this event unlikely to be related to study medication. Days refer to number of days of OXN PR treatment during the extension phases only (excluding double-blind treatment). SD, standard deviation. *Scores for the total population and scores subgrouped according to treatment patients received during the double-blind phases of the studies.
Modified SOWS scores were stable and low throughout the extension phases. Mean (SD) SOWS scores were 6.5 (6.45) and 7.6 (7.51) at Visit 10 and Visit 15, respectively. Only seven subjects (1.5%) had adverse events associated with opioid withdrawal considered by the Investigator to be related to study medication (four incidences were possibly related, one incidence was probably related and two incidences were thought to be definitely related to study medication). Three further events were considered not related to study medication.
No signal was detected that pointed to a specific effect of OXN PR on any of the investigated laboratory parameters. No clinically important changes in vital signs were observed, and ECG changes were infrequent and isolated.
DISCUSSION
Comparable pain control but with improved bowel function was observed with OXN PR compared with Oxy PR in two double-blind 12-week, Phase III studies in patients with chronic, moderate-to-severe, nonmalignant pain. [23] [24] [25] This pooled analysis of data from two subsequent extension-phases indicates that the improvements were maintained when patients continued to receive OXN treatment for up to 52 additional weeks.
As anticipated, the improvement in bowel function, indicated by BFI scores, was most pronounced in those patients who switched from receiving Oxy PR in the double-blind studies to OXN PR when they entered the extension phase. In these patients, a substantial fall in mean BFI score was observed within the first week of OXN PR treatment. Furthermore, improvement in bowel function was maintained long term, with a clinically meaningful (≥12 points) mean reduction of 20.8 points on the BFI score observed over the 52-week extension phases for patients who received Oxy PR in the double-blind trials and then OXN PR in the extension phases. For patients who received OXN PR in both the double-blind and extension phases the reduction in BFI score (9.6 points) was less owing to the already significantly improved bowel function experienced during the double-blind studies. 24 For all patients receiving OXN PR in the extension phases, mean BFI scores were within the normal range for nonconstipated patients with chronic pain (≤28.8 points) from Week 1 to Month 12 of treatment.
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At screening, prior to randomization in the 12-week double-blind studies, most patients (69.0%) were documented to 'require laxatives' (Fig. 3) . Marked differences in laxative intake between patients randomized to Oxy PR and OXN PR had already been observed during the first 4 weeks of the double-blind trials. This was demonstrated by a significant reduction in the incidence of laxative intake for patients randomized to OXN PR (36.5%) compared with those randomized to Oxy PR (59.0%; p < 0.0001). 24 Compared with during double-blind treatment, laxative intake was captured differently in the extension phases, to reflect clinical practice, and consequently direct comparison of laxative use during these time periods cannot be made. However, during the long-term therapy fewer than 10% of patients from the pooled analysis population were documented to have 'received laxatives on a regular basis'. The infrequent use of laxatives is particularly noteworthy given many patients were transitioning from Oxy PR in the double-blind studies to OXN PR in the extension phases. Opioids induce OIBD, including OIC, via interaction with l-opioid receptors present throughout the entire gastrointestinal tract. 14 The effects of OXN PR on the small intestine and the colon likely play a significant 33 These observations go some way to explain why laxatives which act predominantly in the colon often do not satisfactorily relieve the symptoms of OIC. 10, 18, 34 Pain control was maintained with OXN PR throughout 52 weeks of treatment. Average 'pain over the previous 24 h scores were low and stable over the 12-month period and were similar when patients were subgrouped according to the treatment they received during the double-blind phase of the studies, indicating OXN PR provides effective long-term analgesia. The mean pain scores in this pooled analysis of the extension phases were similar to those reported in the Oxy PR and the OXN PR groups during the double-blind studies (Week 12 of the double-blind phases: mean Oxy PR patients' score was 3.5; mean OXN PR patients' score was 3.6). 24 Mean daily use of Oxy IR during the first week of the extension phases was low and patient satisfaction with OXN PR (as shown by the TSQM scores) was high following long-term treatment, in concordance with the analgesic efficacy and improvements in bowel function associated with OXN PR. Based on the observed adverse events, vital signs, hematology, blood chemistry, and ECG profiles, longterm therapy with OXN PR was well-tolerated. Most adverse events did not have a major impact on longterm treatment with OXN PR as few subjects experienced events which resulted in dose reduction or discontinuation. Adverse events in the pooled analysis were slightly more frequent than observed previously during the double-blind studies (61% of OXN PRtreated patients had adverse events, with 36% experiencing treatment-related adverse events 24 ). This difference was anticipated due to the considerably longer duration of the extension phases (12 months) compared with the double-blind studies (12 weeks) . During the pooled analysis, diarrhea and constipation considered by the study investigator to be definitely, probably, or possibly related to study medication were infrequent. This is particularly noteworthy, given the high incidence of constipation reported in studies of patients receiving opioid therapy despite the use of laxatives. 10 No unexpected safety signals were detected in the pooled analysis and the safety profile of OXN PR associated with long-term administration appears consistent with previous observations and the expected profile of the opioid analgesic class of drugs. 20 SOWS scores were stable during the extension phase and were similar to the scores seen during the double-blind studies, indicating that drug withdrawal was not a problem associated with long-term administration of OXN PR. In summary, this pooled analysis of data from a large number of patients indicates that OXN PR is an effective long-term therapy for patients with chronic non-cancer pain, and can address symptoms of OIC. While all patients received OXN PR for 12 months, approximately 50% of patients had also received OXN PR for an additional 12 weeks during the preceding randomized, double-blind studies. Data from this subgroup indicate that OXN PR is effective throughout 15 months of therapy. This pooled analysis demonstrated that average pain scores remained low and stable throughout the extension phases and use of analgesic rescue medication was infrequent. The improvement in bowel function seen with OXN PR during the double-blind studies was continued throughout the 52 weeks of extended treatment in this pooled analysis. No new or unexpected safety issues were observed which were attributable to the longterm administration of OXN PR. Patient satisfaction with OXN PR was also high and maintained throughout the 52 weeks. Findings from this pooled analysis are consistent with a prior analysis of long-term OXN PR in patients with non-cancer chronic pain. 26 
